Purpose: The purpose of this meta-analysis was to evaluate how the thickness variations in ceramic restorations of lithium disilicate and the use of different photopolymerizers influence the degree of conversion of the resin cements. Methods: This study was performed according to the PRISMA checklist. The bibliographic research was performed to identify in vitro studies until December 2017 in the databases MEDLINE via PubMed, Web of Science, and Scopus. The selected studies were submitted to bias risk assessment. In the meta-analysis the data were evaluated using Review Manager Software v.5.3, with random-effect model at a 5% significance level.
1,7-12
The cementation of ceramic restorations is usually performed with light-or dual-curing cements. 7 However, the thickness and opacity of the ceramic can affect the polymerization of the resin cement. [7] [8] [9] [10] 12, 13 When the light-curing light travels through the ceramic materials, the irradiance, also called "light intensity," decreases if the thickness of the ceramic material is greater than 1.0 mm as the thickness of the ceramic material increases. 8, 9, 14 Thus, the irradiation reaching the resin cement is reduced. 14 Clinically there is a preference for shorter light-curing times. 8, 12 Most light-cure units are based on LED technology with a single high power diode. 8 Second generation LED curing units typically achieve irradiance from 1200 to 1500 mW/cm 2 . The third generation of LED curing units contains several diodes (violet/blue diodes, polywave) that reach irradiations of up to 3200 mW/cm 2 . 8, 12 These high power devices have been studied as a solution to increase the degree of conversion of the resin cements used in ceramic restorations. 8, 12 This systematic review with meta-analysis aims to evaluate the in vitro scientific literature and answer the following research questions: how thickness variations in ceramic restorations of lithium disilicate and the use of different photopolymerizers influence the degree of conversion of the resin cements. with the ceramic material lithium disilicate. The intervention (I) was characterized by the use of resin cement submitted to the photopolymerization process. Only those studies that had a control group (C) in which the resin cement was photopolymerized without the interposition of the ceramic material were selected. The outcome of interest (O) was the degree of conversion (DC) evaluated with FTIR spectrometer. Only in vitro study designs (S) were included.
Search strategy
The bibliographic research was conducted in the following databases: MEDLINE -National Library of Medicine via PubMed, Web of Science Core Collection, and Scopus. Relevant articles up to December 2017 were included. Specific medical topics (MeSH) and keywords (free term) were also used. The searches in the electronic databases were carried out independently by two authors, using the following words and terms of the research strategies.
MEDLINE via PubMed
Search (((((((((((((((lithium 
Study selection
First, the studies were independently reviewed by the authors and selected for reading in full text if the titles and abstracts met the following inclusion criteria: relationship with dentistry; relationship with lithium disilicate ceramic and the DC evaluation with Fourier-transform infrared spectroscopy (FTIR) spectrometer. In a second step, final inclusion of the studies was based on the complete text and with the consensus of the authors. Only in vitro studies that used control groups in which the resin cement was photopolymerized without the interposition of the ceramic material lithium disilicate, and that presented the results of the mean and standard deviation were included.
Risk bias assessment
The risk bias assessment was adapted based on an earlier study. 15 The analysis of the quality of the studies was performed according to the following parameters: (A) division of the specimens into groups in a random manner; (B) standardization of the preparation of specimens; (C) description of the manipulation methodology of resin cement; (D) use of all materials according to the manufacturer's instructions; (E) implementation of the single operator protocol; (F) demonstration of the calculation of sample size; (G) blinding of the operator of the testing machine; and (H) the design of the test and the calculation of the DC.
The assessment of risk of bias was performed by rating each of the study criteria as "yes" (low risk of bias), "no" (high risk of bias), or "unclear" (not possible to find the information). Both reviewers conducted the analyses independently, and disagreements were solved through discussion.
Data extraction
For each included study, the following data were recorded: manufacturers of lithium disilicate ceramics, the colors of ceramic materials, the thickness of the specimens, the manufacturers of resin cements, the thicknesses of the cementation line, manufacturers of photopolymerizers, irradiance of the photopolymerizers, the time of photopolymerization, and the conclusion of the studies. In the meta-analysis, the mean and standard deviation data of DC obtained with FTIR spectrometer were used. These were compared with those in the control groups in which the resin cement was photopolymerized without the interposition of the ceramic material. All analyses were performed using the Cochrane Handbook for Systematic Reviews of Interventions Version 5.0.2 as a guide and Review Manager Software v.5.3 (Cochrane Collaboration, Copenhagen, Denmark), using a random-effect model at a 5% significance level. For studies that presented multiple treatments, the Review Manager calculator was used to combine the groups and create a comparison of simple pairs. A value of p ࣘ 0.05 was considered statistically significant (Z test). Heterogeneity between the studies was assessed using both the Cochran Q test and the I² inconsistency test, in which values above 50% were considered as an indication of substantial heterogeneity. Figure 1 summarizes the selection process for the studies according to the PRISMA checklist. Of 58 potentially selectable studies, 50 were excluded because they did not meet the eligibility criteria. The remaining eight studies were selected for the full-text analysis, and of these, one article was excluded. Thus, a total of seven studies met all the inclusion criteria and were included in this meta-analysis (Table 1) .
Results

Search and selection
Risk of bias
The risk of bias from the seven studies is shown in Table 2 . The test result showed that the most common risk of bias was the (F) absence of a description of the sample size calculation and (G) blind operation of the test machine. The information about the (E) implementation of the single operator protocol and the (A) division of the specimens into groups in a random manner was not found in the texts presented by the authors.
Meta-analyses
The seven studies were submitted to a meta-analysis. In the global analysis, the seven selected studies were evaluated ( Table 3) . The meta-analysis showed a statistical difference between the groups, showing evidence that the DC was higher in the control groups in which the resin cement was photopolymerized without the interposition of the ceramic material (p ࣘ 0.05). A high heterogeneity among the studies was observed (I² = 83%).
In the second analysis, four studies that used lithium disilicate A2 shade were evaluated (Table 4) . It was not possible to create a subgroup for ET1, A1, and LT A3, since only one study presented results for each shade. The meta-analysis showed a statistical difference between the groups, showing evidence that the DC was higher in the control groups in which the resin cement was photopolymerized without the interposition of the ceramic material (p ࣘ 0.05). High heterogeneity among the studies was observed (I 2 = 81%). In the third analysis, the influence of thickness in the DC was evaluated. According to the thickness, the specimens were divided into five subgroups: 1st 0.5 mm; 2nd 1.0 mm; 3rd 1.5 mm; 4th 2.0 mm, and 5th 3.0 mm. For this analysis, 16 sets of data were included (Table 5 ). In the first stratum, the meta-analysis did not present statistical difference between the control and experimental groups (p > 0.05). In the second, third, fourth, and fifth strata the meta-analysis presented statistical difference between the groups, showing evidence that the thickness of the ceramic material (1.0, 1.5, 2.0, and 3.0 mm) interfered in the degree of conversion of the resin cement (p ࣘ 0.05). High heterogeneity was observed between the studies (I 2 = 78%) and low among the subgroups (I 2 = 46.1%) In the fourth analysis, the influence of the photopolymerization time on the DC was evaluated. According to the time used, the specimens were divided into two subgroups: 1st 20 seconds and 2nd 40 seconds. For this analysis, nine datasets were included (Table 6 ). In the first stratum, the meta-analysis did not present statistical difference between the control and experimental groups (p > 0.05). In the second stratum, the results favored the control group, showing degree values of the conversions greater than the experimental group (p ࣘ 0.05). All strata showed high levels of heterogeneity above 70% when evaluated individually. Subgroups showed high heterogeneity (I 2 = 81.9%). The fifth analysis evaluated whether the irradiance intensity of the curing unit influenced the results of the DC. According to irradiance intensity, the specimens were divided into four subgroups: 1st 600 to 800 mW/cm 2 ; 2nd 1000 mW/cm 2 ; 3rd 1400 to 1869 mW/cm 2 ; 4th 3200 to 3505 mW/cm 2 . For this analysis, nine datasets were inclued (Table 7) . In the first, second, and fourth strata the meta-analysis did not present statistical difference between the control and experimental groups (p > 0.05). In the third stratum the meta-analysis presented a statistical difference between the groups, showing evidence that DC was higher in the control groups (p ࣘ 0.05). High heterogeneity was observed between the studies (I 2 = 90%) and absence among the subgroups (I 2 = 0%) e400 The sixth analysis evaluated whether the curing modality of the resin cement influenced the results of the DC. According to the curing modality, the specimens were divided into two subgroups: 1st, light-curing; and 2nd, dual-curing. For this analysis, eight datasets were included (Table 8 ). In the first stratum, the meta-analysis did not present statistical difference between the control and experimental groups (p > 0.05). In the second stratum, the results favored the control group, showing degree values of the conversions greater than the experimental group (p ࣘ 0.05). All strata showed high levels of heterogeneity above 80% when assessed individually. Among subgroups the absence of heterogeneity (I 2 = 0%) was observed. Sensitivity analyses were performed for all comparisons to try to identify the studies responsible for the high heterogeneity detected. However, none of the combinations tried led to a decrease in heterogeneity.
Discussion
The clinical success and reliability of the ceramic system are directly related to the mechanical integrity of the materials and the bond strength in the ceramic/adhesive interface. [1] [2] [3] [4] [5] For resin cements under ceramic restorations to achieve optimum physical and mechanical properties, the DC should be as high as possible. 6, 7, [16] [17] [18] The method used in this study to evaluate DC was FTIR, a technique that obtains an infrared absorption or emission of a solid. 1, 7 Despite the translucency of lithium disilicate, significant reduction of light was observed when it was activated through the ceramic. Data obtained in this study showed that the thinner the ceramic material interposed between the resin cement and the light source, the higher the DC. 7, 8, 10, 12 As expected, increased ceramic thickness resulted in greater loss of irradiance. It has been observed that a thickness greater than 1.0 mm drastically reduces the DC of dual-or light-curing resins.
1,7-12 Faria-ESilva et al, in relation to DC, stated that the interposition of a ceramic with 0.5 mm thickness produced higher values of DC compared to the control group. One limitation in that study was the use of ceramic ingots. 12 In this investigation, the ceramics of shade A2 reduced the amount of transmitted light and, as a consequence, the DC reached lower values. 1, 7, [9] [10] [11] The thickness chosen by the authors for the ceramics ranged from 0.6 to 3.0 mm. 7, 9 The restoration pigments are able to absorb light, negatively influencing the DC. 1, 7, 19 Cardash et al showed that less energy reaches the composite when a ceramic restoration with a high chroma is used. 20 According to data in the literature that evaluated the microhardness of resin cement, the DC of resin cement was lower for darker ceramics than for lighter ceramics. 13, 21, 22 All resin-based material has a minimum amount of energy that must be supplied at the correct wavelengths to achieve a satisfactory degree of conversion. 23 Total light energy (TLE) (J/cm 2 ) is the product of light irradiance (mW/cm 2 ) and irradiation time in seconds [energy (Joules/cm 2 ) = output (W/cm 2 ) × exposure time (seconds)]. [23] [24] [25] Knowing the curing time recommended by the manufacturers, in addition to the irradiance of the light curing unit, the amount of energy needed to polymerize the resin cement can be determined. 26 Currently it is understood that there is no ideal value of total light energy, since this varies according to the type, thickness, color, and translucency of the ceramic material. 23 The selected studies did not present enough information to perform a meta-analysis and thus investigate the minimum energy levels required to produce the highest DC in lithium disilicate restorations.
The influence of the light exposure time on the DC of the resin cement was tested. 1, 8, 9, 11 Prolonged photoactivation time did not improve DC. The law of reciprocity states that the polymerization of a material is proportional when high irradiation is used for a shorter time or when low irradiation is used for a longer time. 12, 14 However, reciprocity is not valid for some situations. The different (filler/matrix) compositions of dental curing materials may have a greater influence on the properties of the material than the radiant exposure. 8, 27 Other authors have argued that variables such as irradiance, time, and material properties independently influence the curing process. 14, [28] [29] [30] The irradiance of the curing unit is an important factor to consider. 8, 12 One of the reasons for the high irradiance of light emitted by some LEDs is to reduce the time required to polymerize resin-based materials. 12 This principle applies when many veneer restorations are cemented during the same session. The results obtained in the meta-analysis suggest the increase of the DC when high irradiations are applied as in the range of 3200 to 3505 mW/cm 2 .
12
In this study, the effect of lithium disilicate thickness on DC in light-and dual-curing cement was evaluated. The results showed that light-curing cement produced a significantly higher DC than dual-curing cement. Scotti N et al 7 reported that dualcuring resin cements have different polymerization kinetics and that the extent of polymerization changes between different cements. 7 Scotti N et al 7 and Pereira SG et al 31 hypothesize that the immediate photoactivation of the dual-curing resin-based material may compromise the final DC. 7, 31 The logic is that the rapid formation of a cross-linked polymer after exposure to light would lead to the entrapment of reactive species, including the activators and primers necessary for the self-cure reaction.
11,32
Conclusions
Based on the results of this systematic review with metaanalysis, the following conclusions were drawn:
1. Direct photocuring resulted in a higher degree of conversion of the resin cement. 2. The lithium disilicate ceramics attenuated the light, reducing the conversion of monomers from the resin cement. 3. The prolonged transceramic photoactivation time showed no improvement in the conversion values.
